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A State-of-the-Art 13cm 
Amateur Television Transmitter 


Part-1 


1, 
INTRODUCTION 


The growing popularity of frequency 
modulated Amateur Television has led 
to an increasing activity on the 23cm 
band. Unlike other parts of our interest- 
ing hobby, ATV is mainly driven by 
home made designs. This growth and 
activity is therefore primarily dependent 
on regular publications of 23cm ATV 
transmitter designs. However, the attrac- 
tive 13cm frequency band isnt explored 
yet by lots of amateurs. 


The increasing pressure of ISM activi- 
ties on this band could lead to the 
amateur allocations being lost in the 
future. Thats the reason why it seems 
interesting to get some amateur activity 
on 13cm. With the publication of a 
sophisticated design a first step would 
be taken, 


The growing demands for modern com- 
ponents and low cost designs on mobile 
communication markets like GSM, 
DECT and PCS, have made it possible 
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for radio amateurs to create their own 
professional designs. In this article the 
first part of a state-of-the-art 13cm ATV 
transmitter will be presented. This trans- 
mitter covers the entire 13cm frequency 
band in | MHz steps. 


2. 
BLOCK DIAGRAM 


The block diagram of the 13cm ATV 
transmitter is shown in Fig.1. It consists 
of a VCO-PLL unit, a 1.5 Watt power 
amplifier, video baseband processing 
and audio subcarrier unit and last but 
not least a microcontroller board with 
text inserter. 


The microcontroller is responsible for 
controlling functions of the transmitter. 
It is possible, for example, to tune the 
audio carriers separately in 10 kHz 
increments between 5.5 and 8 MHz. 
Video polarity is controlled by a 
software menu and also frequency ad- 
justment of the transmitter is performed 
with Up and Down tuning keys. 
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Fig. 1: 


A specially developed text inserter is 
controlled by the CPU board and is 
capable of generating a line of text 
through and inserting it into the compos- 
ite video signal. The position of this text 
line and black background is determined 
by another software menu. The text lines 
are edited from a special menu and 
stored in EEPROM. 


3. 
THE VCO 


The main part of the transmitter consists 
of a VCO, which is controlled by a 
modern PLL IC from National Semicon- 
ductor, the LMX2325. Because I have 


not seen any interesting designs of 


VCOs covering the 2320-2450 MHz 
frequency range, I decided to develop 
one. This resulted in a VCO design 
which is capable of being tuned between 
2250 and 2550 MHz within a 0-12V 


Block Diagram of the [3em ATV Transmitter 


tuning voltage range and very good 
linearity. Above 12 volts the tuning 
curve becomes non-linear due to non- 
linearities of the varactor diode. The 
resulting tuning curve is given in Fig.2. 
The schematic of the VCO-PLL unit is 
shown in Fig.3. The VCO is designed 
using the negative resistance method. A 
Common Collector configuration with a 
certain emittere feedback capacitor will 
create a negative resistance at the base 
terminal 


A series resonant circuit formed by a 
transmission line T1, coupling capacitor 
C10 and varactor D1 will make the total 
equivalent resistance real and negative 
at one frequency. This occurs at the 
frequency of oscillation. 


The oscillation process starts due to, 
noise in the circuit. The amplitude of the 
oscillation will stabilise due to compres- 
sion effects of the transistor. At this 
point the total equivalent resistance is 
equal to zero (or loop gain equals 1). 
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Fig.2: 
Tuning Volts vs 
VCO Frequency 
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Tuning voltage [V] 


The amount of saturation due to com- 
pression of the transistor is determined 
by the amount of negative resistance 
during start up. This amount of negative 
resistance is determined by feedback 
capacitor value C9 and the internal 
base-emitter capacitance C of the tran- 
sistor Ql. The combination of these two 
are also responsible for the flatness of 
the negative resistance across the band 
and thus the flatness of the output power 
of the oscillator, which is within 1dB. 


Maximum output power is obtained at 
the high end of the frequency band. 
Most amplifiers have a decreasing gain 
at higher frequencies so that total cas- 
caded gain will be flat. 


Transistor Q2 has two functions, power 
gain and isolation. Isolation between an 
oscillator and a load is very important to 
maintain flatness. This can be explained 
by the phenomena pulling. Pulling is the 
change in oscillation frequency due to a 
variable load. This variable load can be 
created if the oscillator is loaded by a 
termination which is driven by a certain 
coax with a given length. 
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If the characteristic impedance of the 
coax and the términation are different 
then a mismatch occurs. This results in a 
complex impedance which can be seen 
looking from the output terminal of the 
oscillator towards the load. Varying the 
length of the coax corresponds to a 
constant VSWR circle on the Smith 
Chart. So the magnitude of the reflection 
coefficient stays the same but the phase ~ 
will vary between 0 and 360°. This 
varying phase is responsible for the 
change in oscillation frequency if isola- 
tion between oscillator and load is bad. 
The same situation occurs when the 
coax length stays constant but the 
oscillation frequency is tuned. 


If the coax length is not small compared 
to a quarter wave length, then a ripple in 
the tuning curve will occur if isolation is 
bad. Because we want to modulate the 
VCO with a broadband video signal and 
because we want to be able to tune the 
transmitter all over the entire frequency 
range, we do not want any non-lineari- 
ties due to’ pulling. This can be over- 
come by an small amount of isolation 
and short cable lengths between VCO 
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Top side of a completed VCO 
and power amplifier (keeping in mind 


that input VSWRs of most PAs are 
generally not good). 


4. 


THE PHASE-LOCKED-LOOP 


Because the stability of a free running 
microwave VCO is not good enough, 
there may be a need for a form of 
frequency stabilization. This can be 
obtained by a Phase-Locked-Loop. A 
disadvantage of a controlling loop is the 
fact that they all have a certain loop 
bandwidth. In the case of a phase- 
locked-loop, disturbances with a_ fre- 
quency lower than this loop bandwidth 
will be equalized. Frequency distur- 
bances above this loop bandwidth will 
not disappear. 


If we want to modulate the VCO with a 
very broadband signal such as video, 
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then care has to be taken with 
the selection of the lower edge 
of this loop bandwidth. Because 
video contains very low frequen- 
cies (50 Hz) this loop bandwidth 
must be lower than this fre- 
quency. In this design a band- 
width of 30 Hz is chosen. 


A disadvantage of a low loop 
bandwidth is the speed of the 
loop. With the choice of 30Hz a 
compromise has been taken be- 
tween lock time and lowest 
modulation frequency. 


In this design a National Semi- 
conductor LMX2325 IC fulfills 
the role of the PLL. This IC 
contains all the components 
needed to build a phase-locked-loop, a 
reference oscillator, reference divider, 
SHF dual modulus prescaler, swallow 
counter/divider and a_ low-leakage 
charge-pump phase detector. All of 
these functions come in a tiny TSSOP 
20 package. 


The current output of the phase detector 
is externally supplied with 5 volts. The 
loop filter, which consists of some 
capacitors and resistors, converts this 


Bottom side of a completed VCO 
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current into a tuning voltage. This 
voltage will be limited to 5 volts due to 
the external phase detector supply volt- 
age. Because the VCO tuning range 
varies to 12 volt, a voltage amplifier is 
needed to increase the DC loop gain. 
This amplifier (TLC272) also creates a 
low driving impedance towards the 
varactor input, which results in a broad 
modulation bandwidth. 


In Fig.4 a simulation result of the closed 
loop modulation response is shown, 


secp — tandp 


| Fig. 4: 
| Modulation 
“ i Response of the 


\ | VCO-PLL unit 
(22. 759M, -23 meh 


20.828) 


A 


The loop filter around the phase locked 
loop can easily be calculated with 
formulas, given in Nationals application 
note for the LMX2325. For convenience 
they are reproduced here in Fig.5. 


The structure of this filter in combina- 

tion with the charge pump output creates 

a Type II third order system. With the 

given values of Cl, C2, R2, R3 and C3, © 
which are rounded to closest practical 

values, the loop bandwidth is dimen- 

sioned at about 30 Hz. 


Tt= 
mt (1) 
y ATTEN/20 
ne poet 
(27 - fret) (2) 
T3=R3-C3 (3) 
ao a 
2 -(T1+T3) m 
ttn ds (1+ TS) | , (Ti+ 73)? + 11-73 -| 
2 
[(r1+ 73) +11-73| {" [tan (11+ T3)]° io 
Giatt.. he Ryge. (1+ 08 12?) Fig. 
T2° @2-N (1+ 03 .T1?\(1+02 -T3?) Formulae to 


{S) Dimension the Loop 
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PEIJOK "37 : pla 


VCO Printed 
Circuit Board 
Layout - Top 


Actual size: 
47 x 34mm 


Fig.6b: 

VCO Printed 
Circuit Board 
Layout - Bottom 


Actual size: 
47 x 34mm 


Because the loop gain is very high due to the VCO constant, response of the phase 
detector and the selected step size of 1 MHz, very high values of loop filter 
components would result, 


To overcome this problem, a very low reference frequency is selected by software. 
The reference divider is programmed for 25 kHz step size. This causes a high value 
of the programmable divider and thus a lower loop gain. The lower the loop gain, the 
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PEIJOK “97 Fig. 7a: 
VCO PCB 


Component 
Overlay - Top 
Actual size: 
47 x 34mm 


Lock Opteact 


Fig.7a: 

VCO PCB 
Component 
Overlay - Bottom 


A E_] te Actual vize: 
47 x 34mm 


more practical component values will 45, 


result. ASSEMBLY 

The final tuning mechanism is adjusted 

by software to | MHz steps. 
A primary design goal during develop- 
ment was the implementation on stand- 
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om 
ard low cost FR4 PCB material with a 
thickness of 1.6mm. Because the dimen- 
sions of the components are small, this 
resulted in a very small PCB layout and 
losses could thus be minimised. Fig's.6a 
and b show the PCB layouts, upper and 
lower respectively, whilst Fig's.7a and b 
show the upper and lower component 
overlays. 


Note that a fully metalised bi-layer PCB 
and parts can be obtained from Spectra 
BV in Holland, whose telephone number 
and address are given at the end of this 
article. 


When soldering the LMX2325, too 
much solder can be simply removed 
with solder wick. 


It is preferable to start by constructing 
the VCO and buffer. This simple sub 
circuit can be tested using a high 
frequency counter. By applying a vari- 
able voltage at the varactor input the 
VCO frequency can be adjusted. A ! to 
8 volt range should result in a frequency 
range of 2300-2450 MHz. The circuit 
can a be tuned slightly by positioning 
the varactor on the solder pads. This is 
equivalent to a change of effective 
parasitic series inductance and will 
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therefore result in a change of the 
frequency range. In worst case situations 
one can consider incrementing or decre- 
menting the coupling capacitor value 
C10 (e.g. Op68 or IpF instead of 0p82). 
If this works then the rest of the 
components can be placed. A metal 
shielding around the PCB is preferred. 


A special board which carries a synthe- 
sized audio carrier unit and video 
baseband part has been developed and 
the VCO/PLL unit can be placed on this 
PCB. This board design will be pub- 
lished in the next issue. 


To be continued 
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Gunthard Kraus, DGSGB 


Design and Realisation of 
Microwave Circuits 


Part-5 (cont) 


8.3.2.3. Design of 1,700-MHz 
Stripline band pass, using 
the calculated values for the 
standard deep pass 


If we start from a standard deep pass, 
with n = 5, and a reflection factor of 
10%, we obtain the following filter 
coefficients: 


The Stripline band pass filter here 
should be designed for an impedance 
level of 50Q, with the lower limiting 
frequency, fiottom ~ |:680 MHz and the 
upper limiting frequency, f,,,, = 1,780 
MHz. This gives a band width of 
100 MHz, 


First step: 


Determine the band pass filter coeffi- 
cient, g 9, which now contains the limit- 
ing frequencies. 


(fon a 


lak OE, (1) 


This gives: 


(100 MHz) 


90 = * (3460 MHZ) 


= 00907974 


Second step: 


Now you can determine the first Strip- 
line pair; it has the same format as the 
last pair - i.e. no. 5. 
First the “standardised 
value”: 


impedance 


Z. .  O 


k 


= Yo.-a, a (2) 


That gives: 


Z, ____0,0907974 
k,, J0,09074-097922 


= 030544 


EVEN Resistance (= common mode 
resistance): 


7 cee -soa|tZ-4(22) | 
Ky, Ko, (3) 


Zeon = 50 2-[14 0,30544 + (0,330544)'] = 
= 69,937 Q 


#5 


o 
ODD Resistance (= push-pull resist- 
ance): 


%. {Br 
Zoag = 50 Q-|1—-—*- +] — 
= | Ko, fal (4) 


Zw = 50 2 [10,0544 + (0,30544)*] = 
= 39,3926 2 


Third step: 
We now come to the next line pair, no. 
2 (it is identical to pair no. 4). 
a oer 
Ky, V9, . 9g, 
0,080744 


= = 0,078568 
0.97322 ‘137226 


This gives 


Z van = 50 92 -[1+ 0.078568 + 0,078568" ] = 
= 54,297 


and 
Zs = 50 2 [1- 0.078568 + 0,078568" | = 
= 46,38 2 


Fourth step: 


Central line pair, no. 3. 


Kay Jo, O; 
_ 0,0907974 005772 
137226 : 180324 
Solution: 


Z wen = 50 22 -[1+0,05772 + 0.05772" ] = 
= 53052 Q 


Z a = 50 2-[1- 005772 + 0,05722*] = 
= 47,28 2 
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Fifth step: 


The three line pairs, with their even and 
odd resistances, are now entered into the 
F3 component list in Puff. together with 
the electrical length of 90° . With the 
complete circuit in field Fl, a plot result 
as in Fig.41 must now be obtained. 


We can see that a little “finishing up” is 
still needed to obtain uniform transmis- 
sion attenuation waviness which will not 
be too high. 


Obviously such great perfection was not 
yet possible at the time the original 
article was written - i.e. in the age of the 
slide rule and log tables - or else we 
would have come across the secret 
simplifications and / or short cuts of the 
authors of that time. 


Naturally today’s professional micro- 
wave CAD programs, such as Touch- 
stone, SuperCompact, Harmonica, etc. 
can do everything much better, but of 
course they cost as much as a mid-range 
car! 


Modern simulation and field analysis 
methods have taken design in this area 
to such a pitch of perfection that 
achieving the manufacturing precision 
levels for the track structures when the 
boards are engraved or prepared is like 
breaking the sound barrier. However, we 
shouldn't let that stop us, and should 
continue to experiment a little further 
with the calculated values. With a little 
effort and a few changes, we actually 
arrive at a cycle as in Fig.42. 


Special attention should be paid here to 
obtaining a “ripple” as uniform as 
possible, for only in this way can you 
then obtain the lowest transmission 
attenuation when you plot the curve for 
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Fig.41: First Simulation of 1,700-MHz Band Pass with the Theoretically 


Determined Values 


the filter with losses! 


You have to think about this. If, as an 
experiment, we increase an even resist- 
ance anywhere in the table, the odd 
resistance should, as far as possible, be 
reduced by the same value, so that the 
impedance value of the line pair remains 
constant. Otherwise, you very quickly 
lose track. 


In the next step, the unavoidable effects 
of harsh reality must be taken into 
account again, 


So, we load the Puff file into the word 
processing program again in the usual 
way, check that all values, such as loss 
tangent, surface roughness, etc., are still 
correct, call Puff up again and match the 
line pair characteristics to reality. 


To this end, we must put an exclamation 
mark in field F3 behind each “c” or 
“cl”. Then the equals sign is keyed in on 
every line and as long as the electrical 
value of the component changes, until 
the resistances indicated in the dialogue 
field and the electrical lengths corre- 
spond to the ideal values of Fig.42. 


When this has been done, we still need 
the mechanical dimensions of the tracks 
and their intervals, i.e. the “interaction 
gap” for the board design. 


So we temporarily delete the exclama- 
tion mark in each component line and 
we enter the equals sign again. Back to 
the way things were! 


We can now read off the length, width 
and intervals of the tracks in the 


77 


+ 
2 : PLOT 


Points 499 
Smith radius i 


£ 1.6008 GHz 
0821 -25.684B-139 .6° 


awe eos 


Jes nea snscecteresape 


Hea 


Fi : Layvour 


VHF COMMUNICATIONS 2/98 


qt ea 


Fig.42: Improved Attenuation Cycle obtained by varying Line Data 


dialogue field. 


We can thus construct the following 
table: 


(There is also the 50Q supply line at the 


Line Conductor Conductor Interaction 


pair width length gap 
a 2.28 24.95 0.42 
b 2.8 24.44 wie. 

c 2.82 24.36 2.86 


all dimensions in mm 


input and output, with a width of 2.88 
mm..) 


The shortenings at the open ends and/or 
at the discontinuities between narrow 
and wide tracks still have to be deter- 
mined. If we use the method from the 
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last chapter to do this, we finally obtain 
the dimensions required for CAD design 
in accordance with Fig.43. Fig.44 shows 
the layout created with the Geddy CAD 
system, using a resolution of 0.02 mm.. 
The measurement results from the com- 
pleted board, in a suitably milled alu- 
minium housing with the external di- 
mensions 35 x 135 mm. are entered in 
Fig.45, for the 1.5 to 2 GHz range, 
together with the simulation curve. Un- 
fortunately, the measured transmission 
loss with 7.5 dB at 1,700 MHz is 
somewhat higher than the simulated 
result (approximately 6 dB). The pass 
range curve - as before, in the filter in 
the previous chapter - is again rather too 
narrow, whereas the resonator lengths 
and thus the limiting frequencies match 
up well. 
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0,12 
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Microstrip 
50 Ohm 


Fig.43: Dimensional Specification for Shortened Stripline 
Breite = Width, Koppelspaltbreite = Interaction gap width 


Finally, Fig.46 shows the behaviour up In practice, we would also “frame” the 
to LO GHz. Below 5 GHz, the correla- band pass circuit with two appropriately 
tion between theory and practice is dimensioned Stripline deep passes to 
almost perfect, whereas above this many _—_ guarantee, for example, a specific mini- 
previously unforeseen effects arise and mum attenuation value up to 10 GHz. 
reduce the filter attenuation. 


A AT aT Pe Te 


o BandpaB 1700 MHz 7 50 Ohm File: UKWBPE.bId =o 


o FR4/ 1,5 mm dick / er = 4,32 bei 1700 MHz 


Fig.44: Completed Layout for 1,700-MHz Band Pass 
Bandpaf = Band Pass”, Dick = Thick, Bei = At 
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Fig.45: Simulation and Dimensional Results of Stripline Band Pass for 
f=1.5t02GHzand S21 =0to-50dB 
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Fig.46: _S21_ in Range 0 to 10 GHz; Gemessen = Measured 
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Fig.47: Cavity Resonances Suppressed by Conducting Foamed Material; 
$21 from 0 to 10 GHz of 1,700 MHz Band Pass Filter 


Gemessen = Measured 


The beautifully milled aluminium hous- 
ing would probably act as a wave guide 
and / or cavity resonator from 5 GHz. 
So the inner cavity over the board was 
lined, in that foamed material sections 
cut to size, using a conducting foamed 
material, were stuck to the inside of the 
cover. ‘This was totally effective - just 
look at Fig.47! All the dips have 
disappeared, and the measured results 
up to 10 GHz are preciscly on the 
simulation curve. 


One little thing still needed to be 
corrected, Clearly the foamed material is 
a little too thick, and so is too near the 
Stripline. This shows in the fact that the 
attenuation calculated in the preceding 
transmission range at 1,700 MHz, and in 
the first scatter resonance (i.e. at 2 x 
1,700 - 3,400 MHz) has increased by | 
to 2 dB, But this problem can certainly 
be solved by experiments with varying 
thicknesses of damping material and 
comparative measurements. 


8.4. 
[1] 


[2] 
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A Common Date/Time Standard 
for Amateur Radio 


This brief article is to spread the 
word on a proposal connected with 
the representation of Date and Time 
in Amateur Radio. 


We write times using ‘hh:mm:ss’ or 
‘hh:mm’. Imagine the chaos if some 
countries used ‘ss:mm:hh’, others 
‘mmi:ss:hh’. We now use the 24-hour 
format rather than 12-hour am/pm. The 
use of Local Time can cause confusion 
in an International activity such as 
Amateur Radio. We avoid this by using 
the UTC Time Zone. All these methods 
are defined in an International Standard 
called ISO 8601. 


For dates every country seems to do 
something different. The date 04/01/80 
means 4th January in Britain, but April 
Ist in America, leading to problems in 
computer programs, on QSL cards, in 
email, and in newsletters. In a few years 
time we will have dates like 02/05/03 
and 04/09/05 to contend with. ISO 8601 
has a solution to these problems. The 
date is written using the full four digits 
for the year, with the order Year- 
Month-Day, and has hyphen separators. 
A leading Zero is used for ‘01’ to ‘09’. 
In this way, a date cannot be confused 
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with that written in any other format. 
Some people prefer to retain the Year- 
Month-Day ordering whilst writing the 
month as a three letter abbreviation or 
out in full. 


The date is written in any of three easily 
interchangeable ways: 

1980-01-04 

1980-Jan-04 

1980-January-04. 


The [SO standard has already been 
adopted as ANSI X3.30 in America. In 
Europe, the standard has been imple- 
mented as a ‘EuroNorm’. Under the 
CEN regulations every member state is 
required to adopt this EN 28601 stand- 
ard (all of Western Europe, and most of 
Eastern Europe). This format has been 
defined in Japan in the JIS X 0301-1992 
standard. 


[SO 8601 has been in use in Scandina 
via, parts of East Europe, and most of 
Asia for many years, and by astrono- 
mers for over 200 years. They realised, 
long ago, the advantage of working to a 
common standard, world-wide. 


In recent times, IBM has promoted the 
ISO standard as part of the fix for the 
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‘Year 2000 Problem’ with computer 
systems. The ‘full’ ISO format solves 
this problem as well as the UK / US 
date ambiguity. DOS and Windows 
already have provision for the Year- 
Month-Day method built in, as have a 
number of Amateur Radio programs. 
The Amateur Radio proposal recom- 
mends adoption of the ISO format for 
all facets of the Amateur Radio hobby: 
computer programs, log books, QSL 
cards, email and packet messages, Web 
Pages, band reports, newsletters, and so 
on. 


The German magazine DUBUS has 
already adopted the new format, along 
with ‘CQ-TV’ published by the BATC; 
as has the Meteor Scatter software by 
OHSIY, and the new EME programs by 
VK3UM. G3SEK is rewriting all his 
software to cope with the Year 2000 and 
to adopt the ISO format. GORUR is 
using it in his software in 1998. G3RUH 
has used it for very many years. The 
ITU are using the ISO format on their 
Web Page at: <http://www.itu.int/> and 
in some of their documents; as are the 
BATC in their Web Pages. 


This is the only Internationally agreed 
format, and | recommend its use to all 
Radio Amateurs, Use a 4-digit Year and 
the Year-Month-Day order. We all un- 
derstand the time ‘22:44:59’. There 
should be no problems with the date 
*1998-03-10°, whereas ‘10/03/98’ will 
always have a different meaning across 
the two sides of the Atlantic. ISO 860] 
replaces ‘dd/mm/yy’ and ‘mm/dd/yy’ 
with ‘yyyy-mm-dd’, Also note that 
Dates are written before Times in the 
standard. 


The full proposal document was printed 
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in DUBUS 1997-Q1 (Page 83 to 85) 
and is available on Internet at: 


http://www. kirsta.demon.co.uk/iso_8601. 
htm 


Copies have been circulated to RSGB, 
ARRL, IARU and so on. More informa- 
tion on the Year 2000 and on ISO 8601 
issues can be found at: 


ftp://ftp.funet.fi/pub/ham/misc/g1smd.zip 


along with instructions for DOS and 
Windows to use the ISO format. Also 
included is an extensive list of sources 
of further information from magazines 
and on Internet. 


A short general description of the [ISO 
8601 Date Format can be found at: 


http://shell.ihug.co.nz/~hermetic/ 
cal_stud/formats.htm 


There are also several files on this 
subject available from the GB7PFT 
‘CLIVE’ server, and by the ‘reqfil’ 
service from several other AX.25 Packet 
BBS systems in the UK. 


My own Web Page is at: 


http://ourworld.compuserve.com/ 
homepages/dstrange/y2k.htm 


and my email address is: 
gismd@amsat.org 

This article is based on one that origi- 

nally appeared in the 1998-March edi- 

tion (Page 10) of ‘Four Metres News’ 


edited by Derek Thom, G3NKS. Thanks 
to G3NKS email: 


4news@g3nks.demon.co.uk 


for permission to reproduce that article 
here. ‘Four Metres News’ and VHF 
Communications have now adopted the 
ISO format. 
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Comments on the Article 
"Design and Realisation of 
Microwave Circuits; Part-4': 
Issue 4/1997, pp.209-214 


1 read Gunthard Krauss (DG8GB) 
article about MMIC amplifier (pp 209 
- 214 in the 4/97 issue) with interest. 
Also with satisfaction, seeing PUFF 
used again with good result. 


Since I have made a good part of my 
living designing products with this kind 
of components during the last few years, 
I have a few thoughts to add: If 
possible, use 1/32 inch board material 
above | GHz. The radiation from 
microstrip lines are less on a thinner 
material, The losses increase, but the 
only way to cope with that is to go for a 
better material than FR4. A 50Q line on 
0.031” material is 1.3mm wide. 


1 fired up the SuperStar Pro program 
and took a look at the circuit. True, it 
becomes unstable for inductors over 
0.22nH. Just as PUFF showed. While 1 
had it running, I noticed that the S11 
and S22 were not all that good. It 
dawned on me that one possibly could 
match this better with a few non-50Q 
lines on the input and the output. The 
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quite encouraging result is enclosed. 
Input and output DC blocking capacitors 
are not needed to be more than 47pF, 
and one 0805 of each will fit nicely on a 
1.3 mm line. 


The “STx” on the schematic are the 
steps in line thickness. Part of the 
modelling. Line dimensions in the sche- 
matic are in “mils”, that is 1/1000ths 
inch. The in/out pins of the amplifier are 
assumed to be 22mils, 0.56mm, wide. 

The in/out of the board are 51 mils, 


1.3mm, wide. Here: the dimensions of 
the four line sections in mm: 


Part Length Width 
TLI 25.0 1.73 
TL2 = 1.43 17.3 
TL3 = 5.25 1.05 
TL4 16.34 0.83 


It can be seen that these lines improved 
the match considerably in the 900 - 
2400 MHz range. 


The awkward TL2 can be replaced by 
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1090 1550 3000 
S21 --- V11 -—- $11 ---- S22 ---- 
873.333 1260 1743.33 2420 873.333 1260 1743.33 2420 
26.8537 27.5584 26.5723 21.8679 -13.2306 -16.0991 -149473 -14.4763 
1.85787 1.37161 1.43578 1.46573 -10.0414 -16.8677  -14.8756 —_-27.7639 
WTA UT W.TL3 L113 W.TL2 uml2 W.TLI LT C.CIN c.coul 
643.516 41.4684 206.655 «601.72 50.6099 680638 984311 47 47 


Error 00106273 Round 0 Tue Mar 10 14:01:41 1999 INA385_SCHH 
Fl-Hip F2-Save F3-Opt F4 Tune Fé-Next FE-Edit F7 Tuno: 5% FS 


I.3pF to ground. On the plot, there are 
four markers on each panel. The first 
four are | - 4 and the last four are 5 - 8. 
I left in a 0.1nH in the amplifier ground. 
If it is totally removed, the gain bump is 
flattened and the match improves even 
more. 


Although maybe not a good idea for 
boards that are manufactured by the 
1000’s a month, and stuffed by a robot, 
there is a way to get the inductance 
down considerably at the mounting of 
the amplifier! 


Assume double sided board with solid 
ground on one side and the traces on the 
other. Now, mount the amplifier on the 
ground side and let the signal go 
through with rivets instead! Naturally, 
you have to cut up two small “islands” 
for the in/out pins, but the signal cares 


not much about this. The ground gets 
very solid this way. 


Two more thoughts are about the feed 
of DC in Gunthard Krauss circuit. It is a 
questionable practice to feed the device 
almost direct (10Q) with SV regulated. 
As temperature varies, the current may 
vary a lot. The better way is certainly to 
feed it via a resistor from a “higher 
source”. 


Gunthard Kraus has 12V available, and 
it is easier, cheaper and more tempera- 
ture stable to burn the power in a 
resistor! The device drops 5V. at lOmA. 
With 12V in, 7V is to be dropped in a 
resistor, => 700Q, or, of course, 680Q. 
This gets rid of the inductor as well! 
The 680Q can be placed right onto the 
output line. The shunting of signal in 
negligible. So, there we save the regula- 
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tor and it’s capacitors while improving 
the thermal stability. The inductors can 
be really tricky. A small 56 nH surface 
mount inductor J have used, but use no 
more, went through self resonance at 1.2 
GHz. You do not want that in your 
circuit! 


For a very interesting and novel treatise 
on inductors, see the RF Design maga- 
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zine, around January-98 [ think, Randy 
Rhea, the creator of SuperStar and 
owner of Noble Publishing indicates that 
basically, the classical model of an 
inductor shows an impedance increasing 
forever with frequency. In reality there 
are resonances. Randy concluded that 
the inductor is better treated as a 
transmission line, 


A fully weather-proofed very high-quality preamplifier 
covering 1200 MHz to 1360 MHz. Mounted in a sealed 
diecast enclosure with weatherproof N-type sockets for 
input and output. DC powered via the output socket for 
remote mast-head mounting. 


GAIN >40dB across the band 
NOISE FIGURE <1.6dB 


£135 +£7.50 post and packing 


KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, 
CV23 8UF, U.K. 
Tel: 01788 890365; Int: +441788 890 365 


Fax: 01788 891 883; Int: +44 1788 891 883 
ALL MAJOR CREDIT CARDS ACCEPTED - above prices +5% 
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Richard A. Formato, Ph.D., WWIRF (ex K1POO) 


How Good are Genetically 


Designed Yagis? 


1. 
INTRODUCTION 


The Genetic algorithm (GA) is a 
powerful new antenna design and 
optimisation tool that is receiving 
progressively more attention. A natu- 
ral question is How good are GA- 
designed antennas? 


This note looks at that question by 
comparing four GA-designed 12-ele- 
ment Yagis. It does not examine how 
genetic algorithms work because there 
are many good references (several 
listed below [1]-[6]). This note empha- 
sises Yagi performance, and how it 
changes in response to changing the 
GA parameters. 


The GA searches a decision space which 
is defined by specifying minimum and 
maximum values for each antenna pa- 
rameter. Only antennas falling within 
these limits are allowable solutions to 
the optimisation problem, which is a 


characteristic of genetic algorithms that 
gives the antenna designer exceptional 
flexibility. Each element in a Yagi-Uda 
array has three design parameters: 
length, spacing, and radius. The min/ 
max range of each parameter can set on 
an element-by-eclement basis, but the 
usual approach is to restrict all elements 
in the same way (with occasional excep- 
tions as discussed below). 


For the arrays described here, the ele- 
ment lengths were restricted as follows 
(all dimensions are in wavelengths, or 
waves): reflector, 0.35-0.65 wave; 
driven element (DE), 0.35-0.60 wave; 
directors, 0.3-0.6 wave. Element spacing 
was 0.05-0.5 wave, thus limiting the 
longest boom to 5.5 wavelengths, 


For designs #1-3, the element radius was 
constant at 0.003369 wave, while design 
#4 allowed DE radii from 0.001 to 
0.0075 wave. The standard Yagi con- 
figuration is used in which element #1 is 
the reflector, and element #2 is the DE. 
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co. 
2 
FIGURE-OF-MERIT 


The "goodness" of a particular Yagi 
design is determined by a figure-of- 
merit which is specified by the designer. 
For the arrays in this note, the FoM was: 


aG—b|Z, —Rin |-c| Xn | 
FoM = = 
atb+e 


where: 


G is the forward gain (zero degrees 
azimuth) in dBi. 

Z, is the feed system characteristic 
impedance, in this case 50Q resistive. 
Rj, and X;, are the Yagi's input 
resistance and reactance, respectively. 


This FoM is used in [1], which is why it 
is used here. A GA allows the antenna 
designer to choose any FoM that reflects 
the desired balance between various 
antenna performance parameters. For 
example, front-to-back or front-to-rear 
ratio, or maximum side-lobe level could 
also be included if the designer wished 
to optimise against these parameters. 


The weighting coefficients a, b and c 
determine the relative importance of 
each antenna performance parameter. 
For all designs below, the coefficient a 
is 40. For designs #1 and 2, b=c=1 (the 
values suggested in [1]). In design #3, 
the Yagi input impedance was removed 
from the FoM by setting b and c equal 
to zero. In design #4, the input imped- 
ance was weighted somewhat more 
heavily by increasing the coefficients to 
b=2 and c=3.: 
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3. 
OPTIMIZED YAGIS 


Optimisation was done by YGO (Yagi 
Genetic Optimiser) [7] which computes 
antenna performance using the Numeri- 
cal Electromagnetics Code, Version 2, 
double-precision (NEC-2D) [8]. Seven 
segments were used for each array 
element in the NEC-2D model. Perform- 
ance of the genetically designed arrays 
is tabulated in Fig.1 overleaf. Important 
parameters include the boom length 
(wavelengths), forward gain (dBi), half- 
power (-3 dB) beam width (degrees), 
input impedance (ohms), SWR relative 
to 50 ohms, front-to-back and front- 
to-rear ratios (dB//G), and maximum 
side-lobe level (dB//G). 


Designs #2, #3 and #4 are the optimised 
Yagis, corresponding to the three sets of 
coefficients b and c, (1,1), (0,0) and 
(2,3), respectively. Design #1 is a 
sub-optimal design that appeared in the 
optimisation run for design #2. It is 
included to illustrate another important 
GA characteristic: a genetic algorithm 
does not produce a single best design, 
but instead produces a group of designs, 
with each design in the group ranked 
from best to worst. This feature can be 
very useful, because even sub-optimal 
designs may be attractive. Design #1, 
for example, may fill a real need 
because of its short boom length and 
excellent input impedance, even though 
its gain and FB/FR are worse than that 
of longer Yagis. 


The GA-optimised antennas do indeed 
reflect different weighting in the figure- 
of-merit. In design #2, for example, b 
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Ant# L G HPBW Zin SWR FB FR = MaxSLL 
I 2.53 13.56 35.5 47.9-909 1.05 10.5 10.5 -17.4 
p 3.44 15.28 31.0 19.8+j0.4 2.53 20.5 20.5 -16.2 
3 3.45 15.86 27.6 5.343179 131 13.6 13.6 -16.3 
4 3.29 14.53 32.0 48.8-j0.1 1.02 17.7 17.7.  -164 
Fig.1: Performance of Genetically Designed Arrays 


and c were chosen to emphasise gain 
while still controlling the input imped- 
ance, The resulting antenna has a gain 
of 15.28 dBi, a very respectable 
number, and it is nearly resonant with an 
input resistance of 19.8 ohms. This 
moderate resistance level is easily 
matched, so that this antenna provides 
very good gain and impedance perform- 
ance, 


By contrast, design #3 was optimised 
purely for gain, and nothing else, Its G 
of 15.86 dBi is exceptionally good. In 
fact, this Yagis gain appears to be 
slightly above the maximum theoretical 
gain for a 3.45-wavelength long boom 
as shown in the ARRL Antenna Book 
[9]. But, because the gain was maxim- 
ised without any consideration of the 
input impedance, Zin for this design is a 
very poor match to 50 ohms. Of course, 
it is possible to match this antenna, but 
it is almost certainly not worth the effort 
in view of designs #2 and #4. 


Finally, the FoM coefficients for Yagi 
#4 (chosen after the results of the two 
previous optimisation runs were ana- 
lysed) were selected to improve further 
the balance between G and Zin. In 
addition, the DE radius in design #4 was 
allowed to vary, instead of being fixed 
at 0.003369 wave. The reason for this 
change is that the self-impedance of a 


centre-fed dipole passes through a maxi- 
mum as its diameter increases. This 
effect can be used to advantage to 
provide a better match to 50 ohms 
because Yagis tend to be low-impedance 
antennas. The GA confirmed this expec- 
tation by increasing the DE radius to 
0.005767 wave. 


Yagi #4 exhibits very good perform- 
ance. Its gain of 14.53 dBi is only about 
1.2 dB less than the maximum theoreti- 
cal gain for the boom length [9]. And, 
quite significantly, this array provides an 
almost perfect match to 50 ohms. Feed- 
ing this antenna with 50 ohm coax 
requires only a balun. Completely elimi- 
nating any kind of matching network 
probably makes up for a good part of 
the 1.2 dB gain reduction. The result is 
a Yagi that is simpler, less expensive, 
easier to adjust, probably has greater 
bandwidth, is less likely to fail than 
designs with matching networks, and 
requires little if any maintenance. 


WIJR [10] makes a compelling case 
that Yagis should be designed to match 
50 ohms directly, and there are many 
amateur and professional antenna de- 
signers who share that view. Designs 
like Yagi #4 show that achieving this 
objective with good overall performance 
is certainly possible. It is arguably the 
preferred approach. 
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Lo 2 
! 
Genetically Optimized 12-e€1 +90 . Gmax = 13.56 dBi, HPBW = 35.5° 
Yagi E-Plane (Az) Pattern | F/B:= 18.5 dB. F/R = 18.5 dB 
i Zin = 47.9+j.92 SWR = 1.65//50n 
Design #1 . +  , SLI = -17.4 4B, fz = 49.5° 
SLZ = -19.1 dB, fz = 129° 


Chrono #1, Generation #58 | SL3 
- Figure-of -Merit = 12.843 ‘ 
Array Length = 2.53 uvln 


-41.8 dB, Az = 75° 
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Genetically Optimized 12-e1 +99 . Gmax = 15.66 dBi, HPBW = 27.6° 
Yagi E-Plane (Az) Pattern | FvB-= 13.6 dB F/R = 13.6 dB 
! Zin = 5.3+j179.32 Sum = 158. 857/58R 
i SIZ = -21.8 dB, fz = 152° 
Chromo #1, Generation #78 } SL3 = -23.1 dB, Az = 135° 
- Figure-of-Merit = 15.86 + SL4 = -24.1 dB, fz = 118° 
“SLS = fiz = 69° 
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Design #1 Design #2 
El # L S L S 
1(REF) 0.4794 0.0000 0.5006 0.0000 
2DE) 0.4853 0.1824 0.4549 0.2388 
3 6.4165 O.113S 04388 0.2671 
4 0.4329 0.0924 0.4318 0.3006 
5 0.4341 0.2388 0.4141 0.3641 
6 0.4047 0.4329 0.3624 0.2582 
7 0.4224 0.2847 0.3718 0.3218 
8 0.4176 0.2194 0.4012 0.1806 
9 0.5671 0.1065 0.4200 0.2424 
10 0.4388 0.1171 0.4035 0.4876 
1] 0.3906 0.2706 0.4176 0.3218 
12 0.3847 04735 0.3471 0.4559 
Fig.6: Dimensions for the 4 Designs 


The NEC-2D computed E-plane (azi- 
muth) radiation patterns and a scale 
representation of the array geometry 
appear in the plots in Fig.2, 3, 4 and 5. 
It is interesting to note that the element 
lengths and spacings in the genetically 
optimised antennas are neither uniform 
nor tapered as they are in deterministi- 
cally optimised arrays. The GA-opti- 
mised Yagis look different, which is 
another very interesting aspect of ge- 
netic algorithm antenna design. GA- 
designed antennas are very often coun- 
ter-intuitive, not necessarily resembling 
what would be expected. This character- 
istic of genetic algorithms makes them 
quite intriguing, because the designer 
cannot predict what the next best an- 
tenna might look like! A good example 
of this effect is Yagi #3. This array has 
a very long driven element (nearly 0.58 
wave!) with a substantially shorter re- 
flector, while in a conventional design 
the reflector is always the longest 
element. 
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Design #3 Design #4 

L S L Ss 
0.5006 0.0000 0.5006 0.0000 
0.5784 0.1082 0.4588 0.2741 
0.4400 0.2671 0.4365 0.2247 
0.4188 0.4047 0.4341 0.3006 
0.4188 0.3871 0.4259 0.3076 
0.3624 0.2476 0.3647 0.2582 
0.3718 0.3218 0.3718 0.3218 
0.4012 0.2088 0.4012 0.0959 
0.4200 0.2424 04212 0.2424 
0.4035 0.4876 0.4035 0.4876 
0.4176 0.3218 0.4176 0.3218 
0.4224 0.4559 0.3482 0.4559 


Dimensions (element length, L, and 
spacing, S, both in wavelengths) are 
tabulated in Fig.6 for the four designs. 
All elements are 0.003369 wave radius, 
except element #2 (DE) in design #4, 
which has a radius of 0.005767 wave. 


4. 
CONCLUSION 


This note describes four genetically 
designed Yagis that illustrate how effec- 
tive a GA can be in designing complex 
antennas. Amateurs interested in anten- 
nas are likely to hear more about genetic 
algorithms, and may wish to learn more 
about them. The genetic algorithm is a 
state-of-the-art design tool that is truly 
revolutionary in nature. Its potential in 
antenna design is just beginning to be 
explored, and may lead to some very 
interesting and unusual antennas. 
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INSTRUCTIONS AND 
IMPROVEMENTS 


SUPPLEMENT TO THE SERIES OF ARTI- 
CLES: VHF, UHF AND SHF MEASURING 
METHODS USING A PC 

By Wolfgang Schneider, DJ8ES, published in 


issues 3/96 - 4/97 


Assembly DJ8ES - 029: 
Interface Card 


IC,s should be soldered on the compo- 
nents side, as the printed circuit board is 
not through-plated. 


Assembly DJ8ES - 030: 

VCO with PLL 

Solder SMD resistances with lettering 
toward track. 


Two BB 621 diodes stand vertical in the 
board. 


The circuit diagram shows block C as 
0.1pF, the components diagram as 1uF; 
you should use 100nF, ceramic. 


Fit BC549C rotated through 180° and 
not as shown in the component overlay, 
the circuit diagram is correct. 
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Connect IC pin -] to earth via a 1.5 MQ 
resistor. Thecircuit will be more stable 
in operation. 


Assembly DJ8ES - 031: 
Mixer /LO 


No bore is provided in the layout for the 
100nF capacitor, but one is required. 


The 78L09 voltage regulator is correctly 
drawn on the board, but wrongly in the 
circuit diagram. 

The BFR90 transistors lie in the board. 
The holes should be drilled correspond- 
ingly large. 


Insert the hollow rivets from the earth 
side / components side until they are 
flush with the track side, and solder on 
the earth side. No solder should run into 
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the hollow rivets. 11 components are Slight displacement of the crystal fre- 
required in all. quency up or down due to: Longitudinal 


The MSA's ait on the board. choke (e.g. |pH) between crystal and 


220Q resistor. 
Replace MSA 0304 with MSA 1104 in 
the components list. Choke (e.g. 10H) parallel to crystal 


1H omitted from the regulator in the 
wiring diagram. 
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ikl BC's ~ "| ‘BCS49C in Plastic 
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Assembly DJ8ES - 032: 
Pin Diode Controller 


DO and D7 are transposed on the 
components diagram (Fig. 18). The 
wiring diagram and the printed circuit 
board are correct. 

All holes on the RK | - 12 V relay must 
be countersunk, using a 2.5mm drill, on 
the earth side, otherwise there is a risk 
of a short-circuit. 

The valuc of the SMD resistor on the 
HF line at the pin controller is correctly 
stated as Ik5 in the components dia- 
gram, The figure of 150Q in the wiring 
diagram is wrong, 

The MSA sits on the board. 


In addition, eight InF feedthrough ca- 
pacitors should be used to decouple the 
data lines. 


The pin diode input could also be better 
matched through an attenuator. 


Assembly DJ8ES - 033: A/D 
Converter with Detector 


Solder earth connections of IC’s and 
terminal pins on both sides of the board. 


The figure of 2 x 100nF in the 
components diagram is correct. The 
figure in the wiring diagram is wrong. 


The relay power supply voltage is given 
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incorrectly as 12V in the wiring diagram 
(Fig. 24). The correct value is SV. 
However, the board layout and the 
components diagram are correct. 


Assembly DJSES - 034: 
Direct Mixer for Spectrum Analyser 


A BV5169 can also be used instead of a 
BV531317. 


BV5138 is identified, among other 
things, by a white dash and red / blue 
markings. 


BV5313 is identified by a combination 
of figures. 


The transistor BC549C is drawn with a 
metal housing in the components dia- 
gram (Fig.34). When it is used with a 
plastic housing, the flat side of the 
BCS549C faces toward the reed relay. 


Instruction for all assemblies in tinplate 
housing: 


Choking the DC lines and data lines in 
the housing, using chokes or ferrite 
beads, increases the active and passive 
immunity to interference. 


Any “mucky effects” arising from the 
software can be eliminated using the 
entry “Mouse On/Off’ in the file 
HFMESS.CFG. 
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Dipl.-Ing. Andreas Gerstlauer, DG 5 SEB 
Dr.-Ing. Johannes Gerstlauer, DC 9 SX 


PUFF 2.1 


o 


IMPROVED AND EXPANDED VERSION 


Puff has become widely accepted as 
standard high-frequency CAD soft- 
ware, even in Germany. For many 
high-frequency developers, it has be- 
come a firm fixture in the workshop 
as a bench tool to assist with develop- 
ment. The 2.1 version introduced here 
has some remarkable new functions. 


i. 
GENERAL 


Puff has become a standard software for 
the high-frequency CAD domain in 
recent years, with over 17,000 copies 
sold world-wide. The current 2.0 version 
has been on the market since 1991, It 
incorporated a series of new functions 
(as against the previous versions, 1.0 
and 1.5) which grew out of practical 
applications. 


Professor Dave Rutledge at Caltech 
Institute is currently working on a 
Japanese version. Then a new version is 


to be produced for use with Windows 
95, which will also include the new 
features in the 2.1 version developed by 
ourselves and introduced here. In addi- 
tion to the operator interface (Windows 
95), further changes planned relate to 
expanded high-frequency functions and, 
above all, to the user manual, which at 
the moment has unfortunately become 
very confused, 


The reason why Puff is so popular is 
undoubtedly because it is easy to use. 
The fact that all the input and output 
parameters can be simultaneously dis- 
played on the screen, where they can 
easily be viewed, makes for very effi- 
cient operation. In contrast to many 
other high-frequency simulation pro- 
grams, only a brief reactivation period is 
required, even if it has not been used for 
a long time. 


The models used (e.g. for the line 
configurations) are sufficiently precise 
for most applications. Provided the 
limitations of the program are adhered 
to. its use can go far beyond a mere 
hobby. 
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CHARACTERISATION OF 
PUFF 2.1 


The Puff 2.1 version introduced here is 
based on the 2.0 version. Some very 
interesting additions have been made. In 
particular, there are these items above 
all: 


The plot routine has been expanded by 
the addition of a “gq” mode (for 
“quick”). In the quick mode, the com- 
puting result is made available only after 
the complete calculation has been fin- 
ished. Since the screen display does not 
have to be altered after each item is 
calculated, the computing time is con- 
siderably shortened, as against the stand- 
ard plot function. 


The quick plot routine is called up, in an 
analogous way to the standard plot 
routine, by pressing the “q” key in the 
plot window (F2). The key combination, 
“Ctrl-q” works in the familiar way in 
quick mode too, first displaying the last 
simulation results computed, and then 
adding the newly calculated values as 
well. The functions “p”, “q”, “Ctrl-p” 
and “Ctr-q” can be used in combina- 
tion, 


Probably the most interesting new fea- 
ture has come out of practical experi- 
ence. For the complex calculated reflec- 
tion factors $11, $22, S33 and S44, the 
elements of the associated series or 
parallel alternate circuit can now be 
obtained! 


To do this, after the carrying out of the 
“p” or “q” plot routine, the cursor is 
then positioned on the desired parameter 
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Snn in the plot window. Activate the ‘= 
key, and the Rs and Xs elements appear 
in the message box, together with the 
associated capacity or inductance value 
for the series alternate circuit. The Rp 
and Xp elements are correspondingly 
displayed, together with the associated C 
and L values of the parallel alternate 
circuit, if the Smith diagram has been 
converted from the impedance represen- 
tation to the admittance display. 


The standard 1 - 2 - 5 gradation has 
been incorporated into the Smith dia- 
gram to provide a more precise interpre- 
tation. 


Another new factor is the incorporation 
of a series of additional device files. 
The complete range of ‘dev’ files avail- 
able now comprises: a voltmeter (vm- 
.dev), a voltage-controlled voltage 
source (vs.dev) with a 20mS steepness, 
a differential amplifier (da.dev) for 
amplification 1, and an operational am- 
plifier (op.dev) with an open-circuit 
voltage amplification of 10000. 


All symbols are now uniform in that 
they have the input on the broad side of 
the triangle symbol] and the output on 
the pointed side. 


All devices are once again described in 
detail in Table 1. 


The program contains some errors 
which are expressed, for example, in 
arbitrary program crashes, linked to 
error messages of the type “Runtime 
error at...”. A whole range of errors of 
this type has been eliminated. 


In some computer installations, the cur- 
sor displayed defective behaviour, in 
that it flashed too frequently. This was 
combined with occasional “sticking” 


VHF COMMUNICATIONS 2/98 


virdeter}.dev 


vs(ource) dev 


Table 1: Available Devices 


when the program started. This error has 
been corrected. 


The defective hard copy routine (prema- 
ture termination of printing, or incom- 
plete print-outs with some printers) has 
been corrected through the patching of 
the external supplementary program 
‘VGA2LASR.COM’. 


The system has been matched to various 
national keyboard layouts. It should now 
be possible to use version 2.1 for 
working with all the different keyboard 
layouts correctly (i.e., as described in 
the manual). In particular, the key 
combinations ‘Shift-1° to ‘Shift-4° were 
not being correctly handled in the board 
window (F4) on non-American key- 
boards, 


f, = 20mS * U, 


Ss, = 2E4 0° 
Sin = 2E4 180° 
Sn =| 180° 


Bi 


INSTRUCTIONS FOR USE 


To use Puff 2.1, call up ‘puff. In the 
2.1 version, all the functions are accessi- 
ble through the corresponding keys as 
described in the manual. 


When using the device files in the 
low-frequency range, remember that the 
voltage amplification, Snm, will be 
displayed multiplied by a factor of 2, 
corresponding to 6 dB. In the low- 
frequency range, the reference value at 
the amplifier input is the generator 
open-circuit voltage. For the S-param- 
eters, as is usual in high-frequency 
technology, our reference is the genera- 
tor output voltage, which is 6 dB lower 
when match-terminated. 
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Alternate Series Circuit Elements 


Fig.1: 


Fig. 2: Alternate Parallel Circuit Elements 
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If the new mode! of differential or 
operational amplifier is being used in 
the low-frequency range, select a mean- 
ingful average frequency, fd, in the 
board window (F4), 


The differential amplifier can be used 
for potential-free voltage measurement. 
If the voltage drop is measured at a 
(small) shunt resistance, the current can 
thus also be measured. 


The impedance or admittance values of 


the calculated S11 to S44 values are 
printed out as described in Section 2. 
After the carrying out of the plot 
function (using ‘p’, *q’, ‘Ctrl-p’ or 
‘Ctrl-q’), the cursor is positioned on the 
desired value, Snn, in the plot window 
(F2). Activate the *=" key. The specifi- 
cation for the Rs and Xs_ clements 
belonging to the selected S-parameter 
for the equivalent alternate series circuit 
appears in the message window, and the 
C or L corresponding to the Xs at the 
operating frequency. Fig. | shows the 
print-out for a simple example. 


The corresponding Rp and xp_ values, 
and the associated value for C or L. for 
the equivalent alternate parallel circuit 
are outputted if the Smith diagram is 


+e 
converted (through the ‘Tab’ key) from 
the impedance representation to the 
admittance display. Fig. 2 shows the 
associated print-out for the example 
above. 


4, 
PROTECTED MODE 
VERSION OF PUFF 2.1 


In addition, an experimental protected 
mode version of Puff 2.1 has been filed 
in the ‘PROT sub-directory. However, 
this is still at the Beta stage. 


The protected mode version can be 
called up from the ‘PROT\’ sub-direc- 
tory through ‘puffp’. 


In contrast to the standard version, the 
protected mode version actuates the 
entire main memory of the computer, 
which means larger circuits can be 
processed or more items can be calcu- 
lated for the analysis. ‘The maximum 
permissible number of plot points has 
been increased to 1000. 


PUSs 2.1 UPDATE 
AVAILABLE NOU 


£11.50 + £1.00 shipping 


KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, 
CV23 8UF, UK * Tel: (0)1788 890365 


Fax: (0)1788 891883 


email: sales@vhfcomm.co.uk 
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Leicester Amateur Radio Show Committee present the 


27th LEICESTER AMATEUR RADIO SHOW 


ata NEW VENUE 


CASTLE DONINGTON INTERNATIONAL EXHIBITION CENTRE 


near junction 23 M1Imotorway and 
East Midlands International Airport 


on NEW DATES 
Friday 25th & Saturday 26th SEPTEMBER 1998 


Direct bus services from Barnsley, Bradford, Leeds, Leicester, 
Sheffield, Loughborough, Milton Keynes, Nottingham and Wakefield 
to East Midlands Airport. 

Free Shuttle bus from Airport to Exhibition Hall. 


Nearest railway stations Derby and Loughborough on Midland 
Mainline from Leeds, Sheffield, Wakefield, Kettering, Wellingborough, 
Luton, Bedford, London (St. Pancras) and the continent. Central Trains 
from Birmingham and the South-West serve Derby also. Central trains 

from Cambridge and the East serve Leicester. 


Air flights from the UK and the World via the British Midland 
Airways link from Schipol Airport, Amsterdam in Holland 


All the usual features but even bigger than ever. 
150 stands, a Convention and Flea Market. 


For stand and table bookings contact John Theodorson, G4MTP on 
Tel/Fax 016404 790966 
Email G4MTP@lars.org.uk 


For further details contact Geoff Dover, G4AFJ 
Tel: 01455 823344 Fax: 01455 828273 


OR see our Internet site http://www.lars.org.uk with maps and all 


sorts of information on how to reach the show and all its features 
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HF Synthesizer 5 to 1450 MHz 


Part-1l 


An HF synthesizer which can be 
added to a radio amateur’s measuring 
equipment is described below. 


The appliance takes the form of a 
high-frequency source with a wide 
frequency range, which supplies a 
defined output which is adjustable 
within certain limits. 


1. 
OBJECTIVES 


I wanted to have an independent appli- 
ance available which would have some 
extra amenities for frequency input and 
operation. When I say “extra amenities”, 
[ am referring to operator guidance 
through LCD dot matrix display, with 
information on the current possible input 
range or value and input through a 
keyboard. 


Naturally, these requirements can be met 
only in combination with a micro- 
processor, which simultaneously means 
that suitable software must be prepared 
(filed in an E-prom). Apart from the 
drawback of having to spend a lot of 


time preparing the special control pro- 
gram, the use of a processor does, of 
course, also have considerable advan- 
tages, which we shall be discussing 
later. 


In the development phase of the synthe- 
sizer, it became apparent that there was 
a wobbling option in addition to the 
required characteristics. This can be 
used to amplify the equipment into a 
slow-scan wobble system, thus making it 
possible to carry out wobble measure- 
ments in the range from 5 to 600 MHz, 
and from 600 to 1,450 MHz. 


2. 
TECHNICAL DATA 


Here is the spec's of the prototype: 


Frequency ranges; 5 - 600 MHz & 
600 - 1,450 MHz 
Min freq raster: 5 kHz 
Max. HF output: 30mW 
Output control: 1 - 30mW 
Level accuracy: App. + 1dB 
(at 2 - 30mW) 
Harmonics: At 20mW 
app. 20 - 40dB 
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Modular Mimic Display of HF Section of Synthesizer 


Wandler = Converter, Regler = Controller, Schalter = Switch, 
Mischer = Mixer, Ca. = Approximately, Tiefpass = Deep pass, 


Powerdetekt = Power detector 


Band A: Min. 25dB 
typ. 35 - 40dB 
Band B: Min. 20dB 


typ. 25 - 30dB 


The frequency precision depends on the 
reference oscillator used (TCXO) and 
on the LO. 


3. 
THE HF SYNTHESIZER IN 
DETAIL 


The equipment consists of the following 
assemblies: 

1. Universal micro-controller assembly 
2. PLL / HF assembly 

3. VCO assembly 

4. LO assembly running at 1,404 MHz 


Fig.l shows the modular mimic display 
of the HF synthesizer. 
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3.1. The PLL / HF Assembly 


The core of the circuit is the modern 
PMB2306T PLL circuit from Siemens, 
which was developed for mobile radio 
applications. The circuit comprises three 
freely programmable counters: a refer- 
ence counter (16-bit R counter), an N 
counter (14-bit N counter), and an A 
counter (7-bit A counter), the phase 
detector with charge pump, and a lock 
detector, and can be programmed by 
means of a 3-conductor bus. The modu- 
lar mimic display of the PLL assembly 
is shown in Fig.2. 


The PMB 2306 can process frequencies 
from 0.1 to 220 MHz directly. The 
reference oscillator frequency can be 
selected between 4 and 100 MHz. The 
frequency data are transmitted serially to 
the IC in the form of data elements. 


So we need “only” write a user-specific 
program for the functioning of the PLL 
and the control of the 3-conductor bus. 


VHF COMMUNICATIONS 2/98 


RF a 


vCo 


6A@-145@ Mriz 


Micro- 
Konktroler 


Bougruppe 


| rex 


*-1280 MHz 


Regelsparnung co 1-29 ¥ 


NESS 34 
Tief- 
[> Pass 
—_ 
Regel - Rousch 
verstorker 


unterdrGckung 


Fig.2: Modular Mimic Display of PLL of Synthesizer 
Regelspannung = Control voltage, Ca. = Approximately, 
Microkontroler Baugruppe = Micro-controller assembly, 
Regelverstérker = Control amplifier, Tiefpass = Deep pass, 
Rauschunterdriickung = Noise suppression, Lockdetekt = Lock detector 


Since the PLL-IC can process only 
frequencies up to 220 MIIz, a pre-scaler 
(PMB23 14 or PMB2313) must be added 
for our applications. 


3.1.1. Circuit Description of PLL 
with Pre-Scaler 


3.1L. 


The two pre-scalers, PMB2314 and 
PMB2313, are dual-mode pre-scalers, 
with the dividing ratios I:n and I:n+l, 
the mode for which is switched to using 
pin-6 (MOD). Pin-3 (SW) is used to set 
a divider ratio of 1:64/65. 


Actually, the PMB2314, which is speci- 
fied for up to 2,100 MHz, should be 
used here. As this interesting component 
was not yet officially available at the 
time when the synthesizer was devel- 
oped, I fell back on the PMB2313 
counter. 


Pre-Scaler 


The PMB2313 pre-scaler is specified for 
1,100 MHz, and is given a max. 
frequency of 1,400 MHz in the data 
sheet. However, the data sheet diagram 
“PMB2313 dynamic range” (Fig.3) 
shows that it can function up to and 
beyond 1,600 MHz if attention is paid 
to the input level. 


Trials carried out by the author have 
indicated that the PMB2313 is. still 
operating reliably at 1,450 MHz, pro- 
vided the input level remains in the 
range between -20dBm and -1dBm. 


The signal from the VCO is fed into the 
PMB2313 pre-scaler at pin-1 (11), with 
a maximum level of - 10 dBm. If the 
input power is too high, this leads to 
engaging problems at the band end of 
the synthesizer (see above). 


Pin-3 (SW) is connected to +5V, which 
sets a scaler factor of 64/65. The 
pre-scaler is actively switched through 
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pin-7 (STB stand-by). It is also 


connected to +5V. 


The divided signal is available at the 
output pin-4 (Q), and arrives at pin-8 
(FI) of the PLL-IC through the coupling 
capacitor C4, At pin-6 (Mod), we have 
the switch-over signal for the dual 
mode, which is made available by 
PLL-IC, pin-7 (Mod). 


3.1.1.2. PLL-IC Circuit 


The signal from the reference oscillator 
is connected at pin-] (RI) of the PMB 
306 PLL-IC through a capacitor (lig.4). 
A small standard TCXO makes the most 
suitable reference oscillator. 


Since the reference oscillator frequency 
can be selected to be almost anything 
(depending on the software), there are 
certainly no procurement problems. The 
board layout is, correspondingly, univer- 
sally laid out for three different forms of 
TCXO housing. 


The reference oscillator must, of course, 
meet the following framework condi- 
tions: 
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Fig.3: 
Dynamic range of 
PMB 2313 


400 1600 1800 


— The frequency must lie between 


4 MHz and 100 MHz; 


— The frequency must be divisible by 
5 kHz; 


— The oscillator should operate at a 
stable frequency (hence the TCXO%), 
since as the reference it is responsi- 
ble for the precision of the synthe- 
sizer, 


All the PLL programming is carried out 
through a 3-core bus. This consists of 
the lines “Enable” (pin-3 - EN), “Data” 
(pin-4 - DA) and “Clock” (pin-5  - 
CLK), which are linked to the data lines 
of the micro-controller provided for this 
through a buffer. 


The MOD output (pin-7) controls the 
dual-mode pre-scaler. 


The PD current is set at pin-13 (MFO2) 
through an 82kQ resistor. The VCO 
signal, divided by 64/65, is at the FI 
input (pin-8). 


The loop filter is connected to the PD 
output (pin-10 = phase detector). It 
consists of two bi-polar inter-connected 
LOuF tantalum capacitors (C9, C10) or 
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U-Regel zum VCO = Switch-over control to VCO 
HF von VCO = HF from VCO, Daten = Data 


of a 4.7uF foil capacitor, in series with a 
10kQ trimmer. Parallel to this is a 
470n¥F capacitor (C8). 


High-quality capacitors must be used 
here, with a low loss factor, since the 
loop filter is decisive for the engaging 
of the PLL and for the control behav- 
iour. 


High-quality foil capacitors would be 
best suited for this. But as these can be 
obtained only with difficulty in an 
acceptable size with a value of 4.7pF, 
the option was provided for of inter- 
connecting two good tantalum capaci- 
tors. 


A low-noise DC amplifier with 
NES534N (IC3) is wired up after the 
passive loop filter, and takes the control 
voltage for the VCO to the 28 - 30 
Volts required. The amplification factor 


is set through the resistors, R2, R3 and 


R6. 


The 5V operating voltage is fed 
through a deep-pass to reduce the noise. 
There is another deep-pass filter for 
noise reduction at the operating ampli- 
fier output. This deep-pass filter also 
influences the control behaviour of the 
PLL, so high-quality capacitors must be 
used here as well. 


The LD signal from pin-14 is used to 
indicate whether the PLL is engaged or 
not. 


Since the signals are differently polar- 
ised on prototypes, depending on the IC 
used (ES2306 or PMB2306), the option 
was provided for on the board of 
evaluating the pulse directly (T4 and 
LED D1) or inversely (T4, TS and LED 
D6). 
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3.1.2, HF Section Circuit 


The complete range of the synthesizer is 
divided into two part-ranges (Fig.5): 
band (A) - 5 to 600 MHz, and band (B) 
- 600 to 1,450 MHz. 


The range of band (B) corresponds to 
the direct frequency of the VCO, with 
the range of band (A) representing the 
mixed product of the VCO signal and 
the LO signal (1,404 MHz). 


Only the lower mixed product is used, 
which gives a VCO range in band (A) of 
804 to 1,399 MHz. 


The software for the synthesizer is laid 
out so universally that it is even possible 
to use a different LO frequency in the 
1,400 to 1,450 MHz range, if it is 
divisible by 5 kHz. 


The high-frequency VCO signal is fed in 
at the SMC jack (BUI/VCO). 


First comes a PIN-diode controller, 
which essentially consists of four 
BAS95 diodes. The use of four PIN- 
diodes gives a higher maximum attenua- 
tion and a better control behaviour at 
low power levels. 


The control voltage for the power 
controller comes from the micro-control- 
ler assembly and is connected at point 
[KS]. The incoming 0 - 2.5V control 
voltage is provided with an offset in the 
first OP (ICSa), which can be set using 
R13. The second OP (ICSb) increases 
the voltage somewhat, so that it is 
matched to the advanced control of the 
PIN-diode controller. The maximum 
voltage is set through the voltage scaler, 
R14. 


The PIN-diode controller is followed by 
an HF change-over switch, which was 


<2 
also created using two BA595_ PIN- 
diodes, 


Depending on whether [K12] or [K13] 
is receiving voltage, diode D7 (band A) 
or diode D6 (band B) is switched 
through. 


The change-over can also be carried out 
through a contro! signal from the micro- 
controller assembly, which is fed to 
[K8] (Sl). The relay this controls 
switches the control voltage for the HF 
change-over switch, and simultaneously 
the supply voltage for the amplifier 
stages of band A and band B. 


3.1.2.1. Band A Circuit Description 


The HF signal arrives at the ring mixer 
through an attenuator (app. - 6dB in the 
specimen unit). ‘The mixer used is type 
SYM I1 from Mini-Circuits, which is 
comparable to the SMD-C3 ring mixer. 


The ring mixer is linked to all three 
connections with a 50-Ohm attenuator, 
which creates stable operating condi- 
tions for the mixer, and it does a good 
job. 

Make sure that the power at the mixer 
input (RF) is no higher than is necessary 
for an output power of 30mW. This 
prevents unnecessarily high harmonics. 


The attenuator at the LO input should be 
dimensioned in such a way that the level 
at the mixer is app. 5mW, depending on 
the output power of the LO. 


The signal from the mixer is passed on 
to the first amplifier stage (IC4, MSA 
0785) with an amplification of 
app. 12dB. This is followed by a 
9-pin-deep-pass filter, which provides 
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Fig.6: 


sufficient attenuation for the upper fre- 
quency section of the mixed product and 
the LO frequency, which also comes 
through the mixer. 


The deep-pass filter was laid out for a 
limiting frequency of app. 650 MHz, 
using the micro-wave CAD software 
Puff (Fig.6). 


At the lowest frequency to be expected, 
804 MHz (1,404 - 600 = 804 MHz), 
there is already good attenuation, and 
secondly we can also still be fairly sure 
that, even if there are some filter 
tolerances (base material epoxy!), the 
600 MHz can still certainly come 
through, 


The signal then passes through two 
additional integrated broad-band ampli- 
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Fi : LAYOUT 


Puff Screen Print-Out of Deep Pass Filter 


fiers, types MAR3 and MS 1104. These 
ensure the necessary power level. 


The operating voltage of the MSA1104 
is fed through two resistors wired in 
series and a choke, which consists of a 
ferrite bead with three coils of 0.2mm 
enameled copper wire. 


There is a small detector circuit at the 
output of the MSA1104 for power 
control. 


A few circuit variations and diodes were 
tested here, and the results obtained with 
the favourably-priced BAT45 Schottky 
diode were very acceptable. 


At an output power of 30mW, there 
must also be a voltage of approximately 
1.2V at the DC voltage output [K7] for 
power control. 
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Fig.7: 


Board Layout of HF Synthesizer 


The use of three MMIC’s might appear 
to be going a bit too far at first glance, 
but there are good reasons for it! 

Thus, it would have been possible to use 


a +7dBm mixer, which essentially is 
easier to obtain than a high-level mixer. 


+e 
Moreover, controlling the mixer 
at low power leads to decidedly 
fewer harmonics, which means 
that naturally higher amplifica- 
tion is needed after the mixer. In 
addition, using two MMIC’s as a 
preliminary stage has advantages 


if the wobble function of the 
synthesiser is used. 
The combination of the 


MSA0785 and the MAR3 pro- 
vides more uniform amplifica- 
tion over the frequency range, 
and thus gives a smoother ampli- 
fication line, than if, for exam- 
ple, only one high-amplification 
MARS8 is used. 


3.1.2.2. Band B Circuit 
Description 


This part of the circuit consists 
of only one MMIC (IC 7). A 
relatively new, very interesting 
broad-band amplifier was used 
the VNA25 from Mini- 
Circuits. This device operates 
from 500 MHz to 2,500 MHz, 
with good amplification and a 
high output power, even in the 
upper frequency range. 


here, 


[his module has a separate con- 
nection for the operational volt- 
age, and can thus be powered 
direct from a 5 Volt fixed 
voltage regulator, without a 
choke. Even the capacitors for the input 
and output are already integrated into 
this IC, 


The output power reaches the SMC 
print jack through the small circuit for 
power detection. 
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An MSAI104 did not prove suitable for 
this amplifier stage! 

Some further data on the VNA2S are 
given in the appendix. 


3.1.3. Assembly Instructions 


The printed circuit board, unequipped as 
yet, is prepared first (Fig.7): 


— Bores which are not through-hole 
plated are countersunk on the earth 
side; 


—A rectangular opening (12.7 x 
9.5mm) is needed in the board for 
the ring mixer; 


— 
* 
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Fig.8: 

View of Bottom Face 
of HF Synthesizer 
Prototype 


— The SMC jacks are mounted in such 
a way that the internal conductor lies 
directly on the corresponding track of 
the board (Fig.8), which avoids any 
additional connection inductances. 


— 4 rectangular recesses are provided 
for the SMC jacks (approximately 4 
x 7mm); 


— 2.2mm bores are provided for the 
MMIC’s: MS 0785 / MAR3, and 
4.0mm for MSA1104 (Fig.9); 


— The earth through-platings take the 
form of 1.0 x 2mm or 1.0 x 3mm 
hollow rivets - use at least 65. 


— tA te 


Fig.9: 

“Components Side of 
“HF Synthesizer 

| Prototype 
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Here it should be pointed out once again 
that, for high frequencies, hollow rivets 
provide considerably better through-plat- 
ing than mere sections of wire. You 
should also make sure the hollow rivets 
are definitely well soldered to the upper 
and lower sides of the board. But they 
should not fill up with solder. 


— Fit the board into the tinplate hous- 
ing (74 x 148 x 30); 


— Make 5mm holes for the SMC jacks. 


— Make holes for feedthrough capaci- 
tors. 


— Solder SMC jacks in. The board is 
soldered to the tinplate housing all 
around on the top and bottom faces. 


The board can then be fitted, as in Fig's. 
10 and 11, with the usual precautionary 
measures against static charging. 


Component list for PLL / HF section: 


1x TCXO 4 - 100 MHz 

(e.g. 12.8 MHz) 
5x SMC single-hole panel jacks 
1x tinplate housing 
5x feed-through C InF 
|x  10kQ Cermet trimmer RM 2.54 
4x 22k vertical spindle trimmers 
Ix  12V miniature relay 


6x  BAS595, SMD 

2x  BAT4S, wired 
2x LED 

1x PMB2313T / 2314T Siemens 
1x PMB2306 T 

Ix NE5534N, DIL 8 
1x MSA0785 

1x MSAI104 

1x LM358, DIL 8 
1x VNA25, SMD 
1x 7805, stabiliser 


1x  78L05, stabiliser 


lx  MAR3 
1x SYML11, Mini-Circuits 
4x BC548B 


2x InP, foil / tantalum RM 5 

1x 1.5uF, RM 2.5, tantalum 

4x 10uF, tantalum, RM 2.5 

1x  10uF, electrolytic capacitor 
50V, RM 2.5 

1x 33uF, tantalum 


2x 33pF, SMD 

1x  330pF, SMD 

Sx InF, SMB 

2.2nF, SMD 

Ix  330nF, ceramic, RM 2.5 

1x  470nF, plastic, RM 5 

1x  100pF, ceramic, RM 2.5 

3x  100nF, SMD 

2x 3.9pF, SMD 

2x  82pF, SMD 

1x 10pF, SMD 

4x  27pF, SMD 

1x 68pF, SMD 

3x  2.2uH choke 

1x 3mm ferrite bead with 3 
windings 0.2mm Cul 

1x  4-pole pin-strip, 2.54 spacing 


SMD resistors: 
2x = 120Q 
2x  150Q 
2x 470 
2x 100Q 
2x 180 
Ix 390 
1x 220 
2x 4700 
2x 2702 
5x 1kQ 


0204 wired resistors: 1 x 47Q 
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Ix 682 
2x 2200 
Ix 240Q 
2x = 1kQ 
2x 15kQ 
1x 22kQ 
1x 3.9kQ 
4x 47kQ 
2x 470Q 
Ix 68kQ 
4x 10kQ 
4x 47kQ 
Ix 82kQ 
2x 100kQ 
2x 470kQ 


3.1.4. Commissioning and Calibration 


If the micro-controller assembly, the 
VCO and the LO are functioning, and if 
all the necessary connections have been 
made, the PLL / HF assembly can be 
calibrated in accordance with the fol- 
lowing sequence, 


3.1.4.1, 


A frequency meter which should manage 
app. 50mW is connected to the band B 
output. An attenuator is provided for if 
necessary. 

Now enter the 600.000 MHz frequency 
through the keyboard, and keep turning 


at trimmer P1 (loop filter) until the PLL 
engages and the LED goes out. 


Calibration of PLL 


The frequency meter should now display 
app. 600 MHz. The frequency can be 
more precisely calibrated at the refer- 
ence oscillator 9TCXO),. 


Also check whether the PLL also en- 
gages at 1,450 MHz in the upper range. 
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If necessary, re-adjust P1 a little, until 
the PLL engages reliably in the lower 
and upper frequency ranges. 


3.1.4.2. Calibration of PIN-Diode 
Controller 


Start the micro-controller in "Test mode 
/ max. H-F power" (switch on and press 
key 3). 


Set R14 to maximum, so that maximum 
voltage is present at MP1. 


— Set synthesizer to 600 MHz. 
— Set VCO power to app. 10mW, 


— Connect a mW meter at band B 
output. 


— Select menu item "Set Up", and then 
"Power Calibration". 


— If possible, switch the mW meter to a 
narrow range (app. ImW) and set the 
offset (min. voltage) through R13 in 
such a way that the HF power begins 
to increase immediately (voltage at 
MP | app. 1.0 to 1.2V). 


— Now set the mW meter to a range 
which can display app. 40mW, and 
press "Down" key once. 


The (0) on the LCD display will 
change to (-1), which is equivalent to 
(255). This means the PIN-diode 
controller is fully controlled. Now set 
R14 back until the HF power is just 
beginning to decrease. At this point, 
you should have an HF power of 
app. 30 to 35mW. 


— If not, correct the VCO power. 
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Fig.10: Components Plan of Top Face of HF Section 
Daten = Data, U-Regel = Switch-over control 
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Fig.11: Components Plan of Bottom Face with SMD Components 
Abschirmung = Screening 


— By switching from the minimum  -— This setting allows you to use the full 
power (0) to the maximum power 8 bits (0 - 255) of the PIN-diode 
(-1) you can check the settings again, controller. 
as the two trimmers have some 
reciprocal influence on each other. 
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3.1.4.3. Band B Power Recognition 
(600 - 1,450 MHz) 


You are still on the menu item "Power 
Calibrate". Use the "Up / Down" keys to 
set the power to 30mW, and then use 
R51 to set a voltage of 1.20 Volts at 
[K9]. The "Power Calibrate" program 
has so far been used only to switch the 
PIN-diode controller into a specific 
state. The calibration itself will be 
carried out a little later. 


Now leave the "Power Calibrate" pro- 
gram by pressing the star key until you 
reach the end of the calibration program 
(* = "Do not store value, or simply 
switch the micro-controller off and then 
back on. 


3.1.4.4. Band A Tuning 
(5 - 600 MHz) 


Check whether a reading of at least 30 
to 35mW is obtained throughout band 
A. Use "Test Mode / Max. HF" to do 
this. If necessary, adjust attenuator at 
mixer input. 


3.1.4.5. Band A Power Recognition 
(5 - 600 MHz) 


Enter a frequency in band A - for 
example, 300 MHz - call up "Power 
Calibrate" again, and repeat the process 
set out in Section 3.1.3.3., but with the 
difference that the voltage is set at [K7] 
with R39, 


This completes the hardware calibration. 
We now need only run through the two 
calibration programs ("Power Calibrate" 
and "Frequency Response, and then the 
HF synthesizer is ready for operation. 
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3.1.4.6. Power Calibration 


Connect up an mW meter, sclect a 
frequency in band B - 800 MHz, for 
example - and then start the "Power 
Calibrate" program. 


Now you just need to set the specified 
power, using the "Up / Down" key, and 
confirm it with [# = Return]. 


The program runs through power stages 
from 0.5 to 30mW. 


If you press the star key [*] instead of 
[#]. the value is not stored. 


In this way, you can re-calibrate indi- 
vidual values only, 


3.1.4.7. Frequency Response 


Calibration 

Here a specific frequency (5 - 1,451 
MHz) is pre-set and selected by the 
program. You need only set the speci- 
fied power value, which is 10mW, using 
the "Up / Down" keys, and confirm it 
with [# = Return]. 

If you press the star key [*] instead of 
[#], the value is not stored. 


In this way, you can re-calibrate indi- 
vidual values only. 


3.1.4.8. Fault Finding 


What do you do if the PLL does not 
engage? Here are some tips: 


— Check the soldering of the SMD IC 
with a magnifying glass. 


— Check the voltage (SV) at the PLL 
and the pre-scaler. 
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Spektralanalysator DBiNV, Version 2.06 (DG4ABF) PC - Plot 


Messobjext: HF-Synthesizer (OG4RABF) 10 MHz/SmwW 


Derstellbreite; 5 MHz/Div 
Mittenfrequenz: 30 MHz 
Auf Joesung: 200 kHz 
Videofilter: 100 kHz 
Referenzpegel: +7 dBm 


Speichermodus: (Aus) 


M1; 20.1/-5008 
Me: 30.0/-S5dB 
M3: 40.0/-6808 


Datum 26. 5.1996 
3.3 10.9 15.0 20.0 0 0.9 H.0 0.0 6.0 50.0 95.0 


— Messkurve Frequenz in Mkz Messung: OG4AGF 


Fig.12: At 5mW Output Power, the First Harmonic is Attenuated by 50dB 
Spektralanalysator = Spectrum analyser, Messobjekt = Test object, 
Darstellbreite = Representation width, Mittenfrequenz = Medium 
frequency, Auflésung = Resolution, Referenzpegel = Reference level, 
Speichermodus = Memory mode, Aus = Off, Messkurve = Measurement 
curve, Frequenz = Frequency, Messung = Measurement, Datum = Date 


— Check the data lines (3-conductor — In engaged condition, there should be 
bus) with an oscilloscope. a DC voltage of app. 0.1 to SV at 
(pin-10) of the PLL IC (depending 


— Set oscilloscope to (2mS / DC / 2V) on the frequency) 


and check the following signals: 
— R1 (82k) can perhaps also be varied 


— [EN] = High level, briefly becoming (PD current setting) 


"Low" if frequency changes 
— If the PLL fails to engage in the 


— [DA] If frequency changes, a few upper frequency range only: 


bytes scurry over the screen (but they 
can not be synchronised by the © — Check whether the max. control volt- 
oscilloscope!) age is sufficient to set 1,450 MHz at 


the VCO . 29V 
— [CLK] Short positive spike pulses! 4 (app ) 


— The scaler may be receiving too 


— Check pre-scaler output (pin-4) with much power at [K3] (max. - 10dBm) 


frequency meter or oscilloscope (is 
VCO frequency / 64 + 1) 
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Messobjekt: ‘HF-Synthesizer (OG4ABF) 410MHz/20mW 


Darstelloreite: § MHz/Div 
Mittenfrequenz: 30 MHz 
Auf loesung: 200 kHz 
Videofilter: 100 kHz 
Referenzpegel: +13 dBm 


Speichermodus: [Aus] 


Mi: 20.1/-440B 
Me: 30.0/-390B 
M3: 39.9/-58¢B 
NA: 50.1/-990B 


0 : = i i : : Datum, 26. 5.1996 
5.0 10.4 5.0 2.0 2.0 Wo 6.0 | 40.4 60 9.0 6.9 


—— Messkurve Frequenz in MHz Messung: DG4RAF 


Fig.13: At 20 mW Output Power, the First Harmonic is still Reduced by 44 dB 
Messobjekt = Test object, Darstellbreite = Representation width, 
Mittenfrequenz = Medium frequency, Auflésung = Resolution, 
Referenzpegel = Reference level, Speichermodus = Memory mode, 

Aus = Off, Messkurve = Measurement curve, Frequenz = Frequency, 
Messung = Measurement, Datum = Date 


Messobjekt: HF-Synthesizer bei 800 MHz (+O0berwelle) 


o Qarstellbreite: 20 MHz/Uiv 
=40 |i Mittentrequenz: -- 
Auf }oesung: 200 kHz 
| la ia “alae aa Videofilter: 100 kHz 
ee Scere er paaunens penne Bicaverat : Lu.  Referenzpegel: +13 dam 


Speichermodus: [Aus) 


dB 


agg [ican ecngll ey cries Sreizencsfpmcenig boeesianst Eraeue ree | ES STATS Mi: -37 dB /1600 MHz 


-80 Datum: 44. 68,1996 


Messung: DG4RBF 
—— Messkurve 


Fig.14: In Band B, the Harmonic is F2 at - 37 dB 
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Fig.15: Circuit Diagram of Micro-Controller Assembly 


Serielle Schnittstelle = Serial Interface 


Sa 
3.1.4.9. Harmonics 


To obtain good harmonic attenuation, it 
is important that the monolithic amplifi- 
ers (MMIC's) are operated at the correct 
working current. An improvement can 
often be brought about by varying the 
working current. The pre-resistors have 
been optimised in this respect. 


The values for the pre-resistors (R bias) 
should therefore be adhered to. But 
anyone who has a spectrum analyser can 
naturally optimise further. 


In band A, the output power has a 
considerably greater effect on the har- 
monics, as the main decisive factor here 
is how strongly the ring mixer is 
controlled. 


If, for example, you need only SmW 
output power at LO MHz, you have 
outstanding harmonic attenuation. The 
harmonic (F2) is then attenuated by 
50dB at 20 MHz and (F3) is attenuated 
by 55dB at 30 MHz (Figs. 12 and 1[3). 


Fig.14 shows harmonic F2 at 1,600 
MHz, with -37dB for a frequency in 
band B (800 MHz). The signal quality, 
which is acceptable throughout, is 
shown further on, in Fig.39 (Part-2 in 
issue 3/98), 


3.2. Micro-Controller Aassembly 
(CPU board) 


The micro-controller assembly (Fig.15) 
is responsible for all the control opera- 
tions relating to the HF synthesizer, the 
keyboard and the LC display. A stand- 
ard circuit is used here, with an 80C535 
micro-controller from the 8051 family. 


This type was selected because it has 
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enough ports for this application, and an 
A/D converter with eight switchable 
inputs is already integrated. 


The 80C535 is an 8-bit computer - ie., 
the data values of the data bus have a 
width of 8 bits, so 8 lines are needed 
(D0-D7). 


The 16 bit wide address bus (A0-A15) 
addresses the program memory. 


The high byte of the address (A8-A15) 
is outputted directly, whereas the low 
byte (A0-A7) is intermediately stored in 
a memory, the address latch (74CH573). 


This is necessary, since the data (DO- 
D7) are at the same pins of the 
processor as the low bytes (AO0-A7) of 
the address. The data and the low byte 
of the address are then selected in a time 
multiplex procedure. So a maximum of 
64 kbyte program memories can be 
addressed using the existing 16 data 
lines (AQ-AL5). 


The assembly also contains an EPROM 
with 512 kbits (= 64 kbytes), of which 
about 70% is used for the synthesizer's 
operating program. 


All the variables are stored in a 256-kbit 
RAM, together with the values deter- 
mined during calibration. So that the 
data are not lost when the synthesizer is 
switched off, the RAM is buffered with 
a 3V lithium battery (e.g. BR-2/3A). 


Transistor Tl monitors the operational 
voltage, and is responsible for the 
necessary switching between data buff- 
ering and the active condition of the 
RAM. 


This transistor is a self-locking MOS- 
FET, which becomes conductive at app. 
3 Volts gate voltage, and the "Chip 


VHF COMMUNICATIONS 2/98 


SECSSeRSease 


Enable" circuit, C/E, of the RAM is 
earthed, and is thus wired up in the 
active condition. 


If no operational voltage is fed in, the 
transistor locks and the voltage from the 
lithium battery switches the RAM into 
stand-by mode. 


h Fig.16: 

| Prototype of 
Micro-Controller 
| Assembly 


The 16 MHz version should be used as 
micro-controller, as we are working with 
18.432 MHz here. 


Several processors of the SAB 80 C 535 
N 16 type were tested in the prototype 
trials (Fig.16), and they all functioned at 
18 MHz without any problems. 


To be continued 
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DIGITAL FREQUENCY DISPLAYS 


The DFD series of Digital Frequency 
Display Kits is a range of microcontroller 
based units with a whole host of features. 

From a stand alone frequency counter 

up to 3 GHz, to a user programmable 

package with enough features to blow 
your socks off! 


[DFDij A high-quality microcontroller based unit capable of measuring up to 32 MHz as a basic 
unit (up to 8 GHz with prescaler) , or by setting an offset with a trimpot it can be used as the 
freq display of a Tx or Rx by + the offset from the LO. 16 character LCD with 100 Hz 
resolution - e.g. 14.257 MHz USB - the mode is set by external R's and can be programmed for 
AM, FM, CW, USB, LSB, FSK, FAX or left blank. 


This unit has a similar specification to the DFD1 but with an enhanced resolution of 
10 Hz. Modes available are also as the DFDI but without SSB. 


A remarkable unit with an EEPROM at its heart and a flicker free 10 Hz resolution. This 
device, by simply connecting to the VCO of your radio, can display the exact transmit/receive 
frequency. Any offset from the selected frequency due to crystal drift can be calibrated into the 
EEPROM where it is stored for eternity. 

The only external components required are one 10k pot, one SPDT biased centre-off toggle 
switch, three SPST pushbuttons, two 10k resitors and one 1k. These components allow selection 
of the various display and programming modes of the device. 

BUT THE MOST REMARKABLE thing about the DFD3 is that it will program itself for many 
popular radios. Already stored in the EEPROM is the data for over 75 of the most popular 
radios on the market, and if your radio is not on the list you can easily program the data in. 


This unit has a built-in prescaler which is good up to 3 GHz, It has 4 modes of operation: 
® MODE 1 HF FAST: max input frequency 30 MHz, resolution 10 Hz, gate time 0.1 sec 

® MODE 2 HF SLOW: max input frequency 30 MHz, resolution 1 Hz, gate time 1 sec 

#@ MODE 3 UHF FAST; max input frequency 3 GHz, resolution 1000 Hz, gate time 0.128 sec 

@ MODE 4 UHF SLOW: max input frequency 3 GHz, resolution 100 Hz, gate time 1.28 sec 

IF offset is programmable from +/- 0 to 2 GHz in | kHz steps 


DFD1 £42.46 + VAT DFDIBL £50.46 + VAT 
DFD2A £43.50 + VAT acti Li'Verteas @ DFDIABL £51.50 + VAT 
DFD3 £42.46 + VAT £50.46 + VAT 
DFD4 £51.17 + VAT £66.17 + VAT 


Mainline Electronics, P.O. Box 235, Leicester, LE2 9SH 
Tel: (0)116 277 7648/278 0891 Fax: (0)116 247 7551 
Email: sales@mainlinegroup.co.uk 
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THE G8OZP RANGE OF > 
MICROWAVE KITS FOR 
AMATEUR TELEVISION 


ASSEMBLED GUNNMOD2 3cm ATV TRANBSMITTER PCB & KIT 


Gunnmod2 PCB forms the heart of a compact, fully featured FM. Gunn diode PAL, SECAM. or NTSC 
Amateur Television ‘l'ransmitter with 5.5, 6.0 or 6.5 MHz intercarrier sound. The PCB is suitable for 
most types of 3cm and other frequency Gunn oscillators up to 25mW (up to 300mW Gunn oscillators 
may be used with the addition of one extra transistor). The single 3 by 2 inch quality PCB incorporates a 
stable, adjustable Gunn diode modulator with video pre-emphasis and adjustable deviation, together with 
a stable intercarrier sound gencrator with selectable pre-emphasis, audio limiting, input level control and 
output filtering. The PCB requires a single 10 - 15V DC unregulated supply and consumes only 20mA, 
excluding the Gunn diode. This makes it ideal for portable or mast head use. 


PCB with full instructions - you supply components, Gunn Ose, case, connectors, ete... £ 7.50 
Kit with full instructions - you supply Gunn Osc, case, connectors, ete (Note 1)... £25.00 
Kit with Gunn oscillator - you supply case, connectors, ete, (Notes 1 & 2) .ccccssesersseesseeeeee £ 35.00 


Note 7: Please state 5.5 MHz, 6.0 MHz or 6.5 MHz audio sub carrier frequency. (6 MHz standard) Note 
2: At present Gunn oscillators are good tested surplus units. Gunn oscillators are WG16 square flange 
mounting, 8 - 12mW output and pre-tuned to 10.340 GHz, other frequencies at request. 8 - 12mW 
oscillators, when equipped with a suitable antenna and a low noise RX are capable of providing 
line-of-site transmissions well in excess of 100Km. With minor modifications this TX may be used to 
transmit data. 


3cm LNB’s 


Low Noise Block receive converters have been the main contributive factor that has opened up the 3em 
band to ATV and other modes. With the low receive noise figures now available, transmissions are no 
longer restricted to clear line-of-sight paths. Test transmissions have conclusively shown that over the 
horizon transmissions by various propagation modes are now possible. None line-of-sight transmission by 
means of scatter from rain clouds has also been achieved. Equipped with suitable antenna systems, ctc., 
operation well in excess of 100km is readily achievable. Integral feed horn types will fit directly on to 
standard offset satellite dishes with a 38 - 40mm mount. 


Brand new with integral feed horn 0.7dB noise figure ..ssssssssssesereerscssesssresssrseseenvereeeeeees £ 5000 
Brand new with integral feed horn 1.0. - 1.2dB noise figure.. ereneeeeeste EOD 
Brand new with integral 20dB antenna 0.8db noise fig. ...... .- £ 60.00 
Brand new 22mm circular input 0.7db noise figure ...........00 - £55.00 
Brand new 22mm circular input 1.0db - 1.2db noise figure............ evoncocscsesssnecsscasasasoeoooerorers £ 50.00 


All LNB’s. are fully tested with the local oscillator at 9.0GHz +0.01% (this is often better than original). 
Other local oscillator frequencies available by request. Horizontal or yertical polarisation is selected by 
applying cither approximately 13 or LBV DC, 


124 


VHF COMMUNICATIONS 2/98 re 


ASSEMBLED TVRO3 RECEIVER KIT 


A new TVRO (television receive only) kit, designed by an amateur for amateurs with amateur 
requirements in mind. On the single 95 x 145mm quality glass fibre PCB are mounted all the components 
(less front panel controls) required for a fully featured TVRO, or tuneable IF. All RF signal amplification 
and demodulation is performed within a screened pre-assembled. pre-aligned signal module. All other 
circuitry, including power supplies, is mounted on the same board as the RF module. All connections are 
via connectors: RF input via an ‘F type” connector, all others by 0.linch Molex connectors which are 
supplied in the kit Construction requires only basic tools, small wire cutters soldering iron ctc. together 
with basic electronic assembly skills. Onc of the design philosophies was to climinate the need for any 
variable components, therefor once assembled no further setting up or alignment is required (no test 
equipment required). The kit contains the PCB, all board mounted components and full assembly and 
operating instructions. 


Tuncable IF/Demod for 13, 9, 6, 3cm, etc. Or with pre-amp as a 24cm ATV RX 
TVRO Tuner/Demodulater for satcllite use 

12V DC operation, 500mA typical consumption. (depends on volume and LNB used) 
Tunes 750 MIlz to 1750 MHz. 

In-built switchable 13V or 18V LNB supply 

IV PK-PK composite video output. 

Sound fully tuneable from 5.5 Miz to 7.5 MHz * Audio squelch * 3 Watts audio output 
In-built dish alignment aid 

Video gain control * + or - modulation selection 

Signal meter output 

Absolutely no alignment required - just assemble and away you go! 


TVRO03 - ONLY AVAILABLE AS A COMPLETE KIT... nee eaesecseseeeneenennenenennenes soeee £ 65.00 


24cm HEMT GaAsFET ATV PREAMP 


Satellite receivers are basically tuncable IF units which require. for satisfactory operation, input signal 
levels of many millivolts. In a satellite installation most of the RF gain is provided by the dish mounted 
LNB. This means that if used on the 24cm band, unless they are used only for local working, they will 
require a high-gain pre-amp at the front end to compensate for the gain normally provided by the LNB. 
This 24cm low-noise, high-gaim pre-amp is designed specifically for ATV use, but may be used on any 
modes if required. Micro striplines plus Helical band pass filter make alignment very simple and greatly 
reduces the possibility of interference from out of band signals. 


1dB noise figure EMT GaAsFET front end, 40db gain. 

12 - 20V DC supply via coax. (from satellite RX etc.) or separate feed if required. Sturdy tin plate 
enclosure, 

High quality BNC connectors. Very simple to align. 


Note; This kit contains some surface mount components. TX/RX switching is not included 


Fully aseembled, aliguet & tested... i ea nen voanab catenins SSN Ras cSTIt Aceh Vea pS Toa RA Nae bal OnvataaNi ba ee OL 


Shipping charges at cost Credit Card orders +5%. 
KM Publications, 5 Ware Orchard, Barby, Nr.Rugby, CV23 8UF, U.K. 
Tel: (0)1788 890365 Fax: (0)1788 891883 


E-mail: vhfsales@vhfcomm.co.uk 
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Interested in the 


—~ 
i ) Technical Side 
of Television? 
RY 
A. 
& 
© 
ft four decades of Television Service 


CQ-TV Magazine is for you, 

- packed full of practical and 
easy to build circuits for the 
Radio Amateur and Video 
Enthusiast. 


For details, contact the BATC at 
Grenehurst, Pinewood Road, 
High Wycombe, Bucks, A 
HP12 4DD, England a 


Internet http:/www.batc.org.uk 
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COMPLETE KITS & PCB's 


KIT DESCRIPTION ISSUE No. PRICE 
DB6NT-001 Measuring Amp up to 2.5 GHz 4/93 6382 = £ 60.00 
DB6NT-002 Frequency Divider to 5.5. GIIz 4/93 06383 £100.00 
DC8UG-007 5W PA for 13cm 3/94 06938 £286.00 
DJ8ES-001 23cm FM ATY Converter 1/91 06347 £ 93.00 
DJ8ES-002 Digital Frequency Indicator 1/91 06352 £ 53.00 
DJ8ES-003 IF Amplifier 1/91 06355 = £ 55.00 
DI8ES-004 Demodulator 1/91 06362 £ 72.00 
DJ8ES-019 ‘Transverter 144/28 MHz 4/93 06385 £143.00 
DJ8ES-019mod = ‘Transverter 50/28 MHz 2/95 06392 £143.00 
DJI8ES-020 Hybrid Amplifier for 144 MHz 1/94 06387 = £179.00 
DJ8ES-021 13cm FM ATV Exciter 2/94 06388 = £ 67.00 
DJSES-022 28/432 MHz Transverter Oscillator 2/95 06395 £ 59.00 
DJ8ES-023 28/432 MHz Transverter Converter 2/95 06396 = £114.00 
HF-MESS PC Software for the DI8ES projects TBA £ 32.50 
OF2TLZ 001 PreMixer for 23 and 13cm 1/97 £115.00 
YT3MV Low Noise L-Band Aerial Amplifier 2/92 £ 29.80 
PCB DESCRIPTION ISSUE No. PRICE 
DC8UG-PA SW PA for 13cm 3/94 06936 £ 19,25 
DC8UG-NT Power Supply for the PA 3/94 06937 £ 7.75 
DISES-001 23cm FM ATY Converter 1/9] 06347 £ 10.75 
DJ8ES-019 Transyerter 144/28 MHz 4/93 06384 £ 17.75 
DJ8ES-020 Hybrid Amplifier 144 MHz L/94 06386 £17.25 
DJ8ES-021 13cm FM ATV Exciter 2/94 wecnenne £ 18.50 
DJ8ES-022 28/432 MHz Transverter Oscillator 2/95 ew--- £16.50 
DJ8ES-023 28/432 MHz Transyerter Conyerter QOS anne £ 16.50 
DJ8ES-027 Milliwatt Meter for the PC AI96 wee nnenn £ 13.50 
DJ8ES-028 0.9 - 1.5 GHz Synthesiser for the PC VOT wwennnne £ 13.50 
DJ8ES-029 Interface Card 3/97 ww--- £15.00 
DI8ES-030 VCO with PLL 3/97 == 7 18 
DJ8ES-031 Mixer / LO BIOT meme enne £ 15.00 
DJ8ES-032 Pin Diode Controller 3/97 weve £15.00 
DJ8ES-033 A/D Converter with Detector Ct rs £ 15.00 
DJ8ES-034 Direct Mixer with Logarithmic Display AI9DF wn nnnnm £ 15.00 
HF-MESS Software for the DJ8ES PC projects TBA wer £ 32.50 
DF9PL-001 30 Volt PSU 1/93 06378 £ 9.80 
DF9PL-002 Pre-Stabiliser 1/93 06376 = £ 10.20 
DF9PL-003 Precision Stabiliser 1/93 06377 £ 11.20 
OE2TZ1.-001 PreMixer for 23 and 13cm LOF ——wneeeenn £ 15.00 


Minimum Shipping charge £6.75 * Credit Card orders +5% * Address data ai bottom of Contents page 
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AFFORDABLE SOFTWARE FOR PRO AND AMATEUR 


wih, === — - 
Transmission line impedance calculations for all 
sorts of lines: coaxial, stripline, microstrip, plus rec- 
tangular lines, eccentric lines, trough lines, wire- 
above-ground plane, and many others. Computes 
impedance, loss, inductance, capacitance and other 
parameters. Uses data from Microwave 
Transmission Line Impedance Data. For Windows. 
Order NP-11 $195.00 


Microwave Transmission Line Impedance Data 
by M.A.R. Gunston Order NP-10 $54.00 |... 


| winSMITH 


Salt hie oF 
ma “| The best electronic Smith Chart around! “Build” a 
oe ladder network of up to nine elements (L, C, R, 


transmission line or transformer) and use the chart 
| to tune values until the match is perfect. Written for 
| stand-alone operation, but makes a perfect addi- 
| tion to the book Electronic Applications of the 
| Smith Chart. For Windows. 

Order NP-5 $79.00 


Electronic Applications of the Smith Chart 
| by Phitip Smith Order NP-4 $59.00 


EEpal |. 
The “Electrical Engineer's Pal” is loaded with useful data Po “sem. BMISHIN 
and utilities for the active designer. Includes units and |} 9 tepa v1.28 10; 


conversions, materials and component data, scientific |) 9 Ay;gpacsie vou 


calculator with higher math functions, pads, fillers, | 
matching, and more. Has a notepad and calendar, plus |, 
a phone list with an autodialer, All this is topped off with | 
alist 1800 EE suppliers! Runs in DOS or aDOS window. | _ 
Order NP-20 $195.00 


Seriat Ninn her: 


Order by telephone, fax, mail or our Web site! 
We accept payment by VISA, MasterCard and American Express or check drawn on a U.S bank. Shipping 
charges are — U.S.: $5.00 for the first item, 51.00 for each additional item; Canada: $10.00 first item, 
$2.00 each additional item; Other countries (Air express); $32.00 first item, $10.00 each additional item. 
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New E asy-P C Professional CAD 
for Windows 95 and NT 


Produce Complex Designs Faster 
Revolutionary Time Saving Features 
Dramatically Improve productivity. 

Track and Component Editing - a dream! 
Full links to our Analogue, Digital and 
Electromagnetic Simulators. 


Be Lm Yew gel view © 
Dleoltal +) FS a) selma 


NO pin, net or layer limits! 
Powerful, high speed Shape based 
Autorouters available. 

Very Competitive Pricing. 


Ask for demo disc or download 
Number One Systems working demo fram web site 
UK/EEC Ref: VHFCOM, Harding Way, St.lves, Cambridgeshire, PE17 4WR, United Kingdom 
Tel: 01480 461778 Fax: 01480 494042 International: +44 1480 461778 / 494042 
USA Ref: VHEFCOM, 126 Smith Creek Drive, Los Gatos, CA 95030 
Tel/Fax: (408) 395-0249 http://www.numberone.com 


